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WIRELESS PACKET COMMUNICATION METHOD 



TECHNICAL FIELD 

5 The present invention relates to a wireless packet communication method for 

transmitting a plurality of data packets simultaneously between two wireless stations 
(hereinafter STAs) using a plurality of radio channels and Multiple Input Multiple Output 
(hereinafter MINO). More particularly, the present invention relates to a wireless packet 
communication method for generation of a plurality of data packets to be transmitted 
1 0 simultaneously. 



BACKGROUND ART 

In a conventional wireless packet communication method, a radio channel to be 
used is determined in advance. Prior to transmission of data packets, carrier sense is 

1 5 performed to detect whether or not that radio channel is idle. Only when that radio 
channel is idle, one data packet is transmitted. This management process enables a 
plurality of STAs to share one radio channel in a staggered manner ((1) IEEE802.il "MAC 
and PHY Specification for Metropolitan Area Networks," IEEE 802.11, 1998, (2) "Low- 
powered Data Communication System /Broad band Mobile Access Communication System 

20 (CSMA) Standard, ARIB SDT-T71 version 1 .0, Association of Radio Industries and Businesses, 
settled in 2000). 

In order to improve a maximum throughput of the above wireless packet 
communication method, a method is known which broadens the frequency band per radio 
channel so as to increase the data transmission rate in the PHY layer. 
25 However, it is necessary to provide a transmission deferral duration of a 



predetermined length that is independent of the data transmission rate in the PHY layer 
immediately after the transmission of a packet in order to avoid collision of packets, as 
pointed out, for example, in an article (lizuka et al., "5 GHz Wireless LAN System Based on 
the IEEE802.1 la standard - Packet Transmission Characteristics B-5-124, Proceedings of 
the Electronics Information and Communication Engineers, Society Conference 2000, 
September 2000). When such a transmission deferral duration is provided, the 
transmission efficiency of data packets (a ratio of the maximum throughput to the data 
transmission rate in the PHY layer) decreases with the increase in the data transmission rate 
in the PHY layer. Thus, it is difficult to significantly improve the throughput by only 
increasing the data transmission rate in the PHY layer. 

On the other hand, the application of a MIMO technique (Kurosaki et al., "1 OOMbit/s 
SDM-COFDM over MIMO Channel for Broadband Mobile Communications", Technical 
Reports of the Institute of Electronics, Information and Communication Engineers, A • P 
2001-96, RCS2001 -135(2001 -10)) has been considered for improving the maximum 
throughput without broadening the frequency band per radio channel. In the MIMO 
technique, different data packets are transmitted from a plurality of antennas on the same 
radio channel at the same time. The data packets transmitted at the same time on the 
same radio channel are received by digital signal processing that can deal with the 
difference in propagation coefficients of the respective data packets received by a plurality 
of wireless antennas in an opposed STA. A MIMO number is determined in accordance with 
the propagation coefficients and the like. 

On the other hand, in the case where each STA has a plurality of wireless network 
interfaces and can use a plurality of radio channels, different radio channels can be used 
between a plurality of STAs. In this case, improvement of the throughput is promising, as 
compared with communication performed by time-dividing one radio channel. 



However, when the center frequencies of a plurality of radio channels used at the 
same time are close to each other, the effect of leakage power, which leaks from one radio 
channel to a frequency band used by another radio channel, becomes large. In general, in 
the case of transmitting a data packet, after a transmit-side STA sends a data packet, a 
receive-side STA sends back an acknowledge packet (ACK packet, NACK packet) for the 
received data packet to the transmit-side STA. When the transmit-side STA tries to receive 
that acknowledge packet, the effect of leakage power from another radio channel that 
carries out transmission at the same time becomes a problem. 

For example, the case is considered where the center frequencies of radio channels 
#1 and #2 are close to each other and the transmission time is different between data 
packets that are transmitted simultaneously from the radio channels #1 and #2, as shown in 
Fig. 28. In the shown example, the data packet transmitted from the radio channel #1 is 
shorter. Thus, when an ACK packet for that data packet is received, the data packet on the 
radio channel #2 is still in transit. Therefore, the radio channel #1 may not receive the ACK 
packet because of leakage power from the radio channel #2. In this situation, the 
throughput cannot be improved even if transmission is carried out by using a plurality of 
radio channels at the same time. 

If transmission rates of the respective radio channels are the same, the above 
situation occurs because of a difference in packet time length (transmission time = data 
size) between data packets. Considering the transmission rates of the respective radio 
channels, the above situation occurs because of the difference in packet time length 
(transmission time = data size /transmission rate) between data packets. 

In a wireless LAN system or the like, the data size of a data frame input from a 
network is not constant. Thus, in the case where input data frames are sequentially 
converted into data packets and are transmitted, the packet time length (transmission time) 



of each data packet also changes. Therefore, even when a plurality of data packets are 
transmitted at the same time, as shown in Fig. 28, it is highly likely that a packet time 
length difference occurs between the data packets and causes a failure in the receiving of 
the ACK packet. 

5 Moreover, in a wireless LAN system operating in accordance with IEEE802.1 1 

Standard, for example, a data frame input from a wired network (e.g., Ethernet (registered 
trademark) frame) is converted into a MAC (Media Access Control) frame and a data packet 
generated from that MAC frame is transmitted as a wireless packet to a wireless line. 

In a conventional system, one data frame is converted into one MAC frame from 

1 0 which one data packet is generated. Therefore, even if the data size of a data field in a 
data frame is small, that data frame is converted into one MAC frame and is transmitted as 
one data packet (wireless packet). For example, the maximum size of the data field of a 
MAC frame in accordance with IEEE802.1 1 Standard is 2296 bytes, whereas the data size of 
the data field of an Ethernet (registered trademark) frame that is typically used as a data 

1 5 frame is limited to 1500 bytes. Therefore, even if the Ethernet (trademark) frame has the 
maximum size, that Ethernet frame has some leftover in the maximum size (2296 bytes) of 
the data field of the MAC frame. That is, the conventional system does not effectively use 
the maximum data size that can be transmitted in one MAC frame, and has a limitation in 
the improvement of the throughput. 

20 As described above, in order to further improve the throughput, it is necessary to 

overcome the problem of different packet time lengths in the case of simultaneous 
transmission using a plurality of radio channels (i.e., different data sizes when the 
transmission rates of the radio channels are the same) and the problem of inefficiency in the 
case where the data size of a data frame is smaller than the maximum size of a data field of 

25 a MAC frame. 
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Fig. 29 shows an exemplary configuration of a wireless LAN system. In Fig. 29, a 
mobile terminal (address: SI) 1 1 , a server (address: S2) 1 2, and a server (address: S3) 1 3 are 
connected through an access point (hereinafter AP) (address: AP) 10. The mobile terminal 
1 1 and the AP 10 are connected to each other through a wireless line on which wireless 
5 packets are transmitted. The AP 10 and the servers 12 and 13 are connected through a 
router and the Internet. Ethernet (registered trademark) frames are transmitted between 
them. In this example, a transmission direction from the servers 12 and 13 to the mobile 
terminal 1 1 is called as a "downlink", and a transmission direction from the mobile terminal 
1 1 to the servers 12 and 1 3 is called as an "uplink". 

1 0 Fig. 30 shows a frame format for the downlink of the wireless LAN system. In Fig. 

30, an Ethernet frame transmitted from the server 1 2 or 1 3 to the AP 1 0 contains a header, 
a frame body, and FCS. In the header of the Ethernet frame transmitted from the server 1 2 
to the mobile terminal 1 1 , a destination address DA and a source address SA are set to "SI" 
and "S2", respectively. The frame body accommodates an IP packet for which the 

1 5 destination address DA and the source address SA are set to "SI" and "S2", respectively. 

The Ethernet frame transmitted from the server 12 or 13 is converted into a 
wireless packet in the AP 10 and is transmitted to the mobile terminal 11. The wireless 
packet contains a MAC header, a frame body, FCS, and the like. In the MAC header of the 
wireless packet corresponding to the Ethernet frame transmitted from the server 12, "SI" is 

20 set as a destination address DA in a PHY layer, "AP" is set as BSS (Basic service set) ID 
corresponding to a source address in the PHY layer, and "S2" is set as a source address SA. 
The frame body accommodates an IP packet for which "SI" is set as the destination address 
DA and "S2" is set as the source address SA. 

Fig. 3 1 shows a frame format for the uplink of the wireless LAN system. In Fig. 3 1 , 

25 the mobile terminal 1 1 generates an IP packet to the server 12 or 13. In the IP header of 
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the IP packet to the server 12, "S2" is set as a destination address DA and "SI" is set as a 
source address SA. A wireless packet transmitted from the mobile terminal 1 1 to the AP 1 0 
contains a MAC header, a frame body, FCS, and the like. In the MAC header of the wireless 
packet accommodating the IP packet to the server 12, BSSID corresponding to a destination 
5 address in the PHY layer is set to "AP", a source address SA in the PHY layer is set to "SI", 
and a destination address DA is set to "S2". The frame body accommodates the IP packet 
for which the destination address DA is set to "S2" and the source address SA is set to "SI". 

The wireless packet transmitted from the mobile terminal 1 1 is converted into an 
Ethernet frame in the AP 10 and is transmitted to the server 12 or 13. The Ethernet frame 
1 0 contains a header, a frame body, and FCS. In the header of the Ethernet frame to the server 
1 2, a destination address DA and a source address SA are set to "S2" and "SI", respectively. 
The frame body accommodates the IP packet for which the destination address DA and the 
source address SA are set to "S2" and "SI", respectively. 

A conventional AP generates one wireless packet from one Ethernet frame to the 
1 5 mobile terminal and transmits that wireless packet on the downlink of the PHY layer from 
the AP to the mobile terminal. From a viewpoint of improving transmission efficiency, a 
method is considered to be effective that generates one or more wireless packets from a 
plurality of Ethernet frames transmitted from a plurality of servers to the same mobile 
terminal and then transmits those one or more wireless packets in one lump. 
20 Similarly, a conventional mobile terminal generates one wireless packet from one IP 

packet to a server and transmits that wireless packet on the uplink of the PHY layer from the 
mobile terminal to the AP. From a viewpoint of improving transmission efficiency, a 
method is considered to be effective that generates one or more wireless packets from a 
plurality of IP packets to the same server and transmits those one or more wireless packets 
25 in one lump. 
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Moreover, for the uplink of the PHY layer from the mobile terminal to the AP, 
another method can be considered, in which one or more wireless packets are generated 
from not only IP packets to the same servers but also IP packets that are transmitted to 
different servers through the same AP, and are transmitted in one lump. In the mobile 
5 terminal, IP packets to the same server can be found by referring to their destination 
addresses DA. It is also possible to find whether or not a plurality of IP packets to different 
servers go through the same AP by checking their destination addresses DA against the AP 
address. 

It is an object of the present invention to provide a wireless packet communication 
10 method that can easily generate a plurality of data packets having the same packet time 
length in the case of transmitting a plurality of data packets simultaneously between, two 
STAs by using a plurality of radio channel at the same time. It is another object of the 
present invention to provide a wireless packet communication method that can generate a 
plurality of data packets from one Ethernet frame or IP packet or from a plurality of Ethernet 

1 5 frames or IP packets to the same destination for each of a downlink and an uplink in a PHY 

layer between a mobile terminal and an access point (hereinafter AP) or between STAs. 

DISCLOSURE OF THE INVENTION 
According to the invention recited in claim 1, a wireless packet communication 
20 method for transmitting X data packets simultaneously between two STAs by using a 
plurality of radio channels that are determined to be idle by carrier sense or using a radio 
channel that is determined to be idle and MIMO, or for transmitting X data packets 
simultaneously between two STAs by using both the above transmission methods where X 
corresponds to a total number of MIMOs of the plurality of radio channels is provided. 

2 5 When transmission rates of respective transmission media for transmitting the X data 
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packets simultaneously are the same and a maximum data size of the data packets is Dmax, 
the wireless packet communication method is for fragmenting a data part extracted from a 
data field of one data frame to be transmitted to generate X data blocks that have data 
fields equal to or smaller than Dmax and the same packet time length (data size, 
5 transmission time), generates X data packets by adding a header field containing control 
information such as destination information and an FCS field containing an error checking 
code to each of the X data blocks, and transmits the X data packets simultaneously. 

According to the invention recited in claim 2, when it is possible to independently 
set transmission rates of transmission media for transmitting the X data packets 

10 simultaneously and a largest one of the transmission rates of the transmission media is a 
reference transmission rate, a maximum data size of the X data packets is set to a value 
obtained by (Dmax x a transmission rate of a corresponding line/a reference transmission 
rate); a data part extracted from a data field of one data frame to be transmitted is 
fragmented in accordance with transmission rates of respective lines to generate X data 

1 5 blocks having data fields equal to or smaller than the maximum data size of each line and 
having the same packet time length (transmission time); and X data packets are generated 
by adding a header field containing control information such as destination information and 
an FCS field containing an error checking code to each of the X data blocks, and are 
transmitted simultaneously. 

20 In the inventions of claims 1 and 2 (a frame fragmentation method), a plurality of 

data packets that are equal to or smaller than the maximum data size and have the same 
packet time length can be generated from one data frame, and can be transmitted 
simultaneously by using a plurality of radio channels, or one radio channel and MIMO, or a 
plurality of radio channels and MIMO. 

25 According to the invention recited in claim 3, when transmission rates of 



transmission media for transmitting X data packets simultaneously are the same and a 
maximum data size of the X data packets is Dmax, X data blocks having data fields equal to 
or smaller than Dmax and a same packet time length (data size, transmission time) are 
generated by connecting and dividing data parts extracted from data fields of a plurality of 
data frames to be transmitted; and X data packets are generated by adding a main header 
field containing control information such as destination information and an FCS field 
containing an error checking code to each of the X data blocks, and are transmitted 
simultaneously. 

According to the invention recited in claim 4, when it is possible to independently 
set transmission rates of respective transmission media for transmitting X data packets 
simultaneously and a largest one of the transmission rates of the transmission media is a 
reference transmission rate, a maximum data size of the X data packets is set to a value 
obtained by (Dmax x a transmission rate of a corresponding line/the reference 
transmission rate); X data blocks having data fields equal to or smaller than the maximum 
data size in each line and the same packet time length (transmission time) are generated by 
connecting data parts extracted from data fields of a plurality of data frames to be 
transmitted and dividing the connected data parts in accordance with transmission rates of 
respective lines; and X data packets are generated by adding a main header field containing 
control information such as destination information and an FCS field containing an error 
checking code to each of the X data blocks, and are transmitted simultaneously. 

In the inventions of claims 3 and 4 (a frame patching method), a plurality of data 
packets that are equal to or smaller than the maximum data size and have the same packet 
time length can be generated by connecting and dividing (cutting and pasting) a plurality of 
data frames, and can be transmitted simultaneously by using a plurality of radio channels, 
or one radio channel and MIMO, or a plurality of radio channels and MIMO. 



According to the invention recited in claim 5, when transmission rates of 
transmission media for transmitting X data packets simultaneously are the same and a 
maximum data size of the X data packets is Dmax, X data series having data fields equal to 
or smaller than Dmax are generated by aggregating data parts extracted from data fields of 
5 a plurality of data frames to be transmitted; X data blocks having the same packet time 
length (data size, transmission time) are generated by adding dummy data to a data series 
of the X data series except one having a largest data size; and X data packets are generated 
by adding a header field containing control information such as destination information and 
an FCS field containing an error checking code to each of the X data blocks, and are 

10 transmitted simultaneously. 

According to the invention recited in claim 6, when it is possible to independently 
set transmission rates of respective transmission media for transmitting X data packets 
simultaneously and a largest one of the transmission rates of the transmission media is a 
reference transmission rate, a maximum data size of the X data packets is set to a value 

15 obtained by (Dmax x a transmission rate of a corresponding line/the reference 
transmission rate); X series having data fields equal to or smaller than the maximum data 
size in each line are generated by aggregating data parts extracted from data fields of a 
plurality of data frame to be transmitted; X data blocks having the same packet time length 
(transmission time) are generated by adding dummy data to a data series the X data series 

20 except one having a largest packet time length (transmission time); and X data packets are 
generated by adding a header field containing control information such as destination 
information and an FCS field containing an error checking code to each of the X data blocks, 
and are transmitted simultaneously. 

In the inventions of claims 5 and 6 (a frame aggregation method), a plurality of 

2 5 data packets that are equal to or smaller than the maximum data size and have the same 

10 



packet time length can be generated by aggregating a plurality of data frames so as not to 
exceed the maximum data size, and can be transmitted simultaneously by using a plurality 
of radio channels, or one radio channel and MIMO, or a plurality of radio channels and MIMO. 
According to the invention recited in claim 7, in the case where it is possible to 
5 independently set the transmission rates of the transmission media for transmitting the X 
data packets simultaneously in the invention of any one of claims 1, 3, and 5, the 
transmission rates of the transmission media are made the same as a smallest one of the 
transmission rates. 

According to the invention recited in claim 8, in the invention of claim 5, the data 
10 series are generated by accepting the data frames to be transmitted in order and assigning 
the data frames to the respective transmission media until a total data size reaches a largest 
size not exceeding the maximum data size Dmax. 

According to the invention recited in claim 9, in the invention of claim 5, the data 
series are generated by accepting the data frames to be transmitted in order, assigning one 
1 5 data frame to each of the transmission media, and repeating the assignment of one data 
frame until a total data size reaches a largest size that is equal to or smaller than the 
maximum data size Dmax. 

According to the invention recited in claim 10, in the invention of claim 5, the data 
series are generated by accepting the data frames to be transmitted in order, assigning one 
20 data frame to each of the transmission media, and repeating the assignment of one data 
frame such that a next data frame is assigned to one of the transmission media that has a 
smallest data size of assigned data frames until a total data size reaches a largest size that 
is equal to or smaller than the maximum data size Dmax. 

According to the invention recited in claim 1 1 , in the invention of claim 5, the data 
25 series are generated by employing one of the methods recited in claims 8 to 10 so that a 



total number of accommodated data frames is to be a maximum. 

According to the invention recited in claim 1 2, in the invention of claim 6, the data 
series are generated by accepting the data frames to be transmitted in order and assigning 
the data frames to the respective transmission media until a total data size reaches a 
5 maximum value equal to or smaller than the maximum data size. 

According to the invention recited in claim 13, in the invention of claim 6, the data 
series are generated by accepting the data frames to be transmitted in order, assigning one 
data frame to each of the transmission media, and repeating the assignment of one data 
frame until a total data size reaches a largest size that is equal to or smaller than the 
1 0 maximum data size. 

According to the invention recited in claim 14, in the invention of claim 6, the data 
series are generated by accepting the data frames to be transmitted in order, assigning one 
of the data frames to one of the transmission media, repeating the assignment of one data 
frame such that a next data frame is assigned to one of the transmission media that has a 
1 5 smallest data size of assigned data frames until a total data size reaches a largest size that 
is equal to or smaller than the maximum data size. 

According to the invention recited in claim 1 5, in the invention of claim 6, the data 
series are generated by employing one of the methods recited in claims 1 2 to 14 so that a 
total number of accommodated data frames is to be a maximum. 
20 According to the invention recited in claim 16, in the invention of claim 5 or 6, the 

data series are generated to contain sub-headers for identifying the data frames, 
respectively. 

According to the invention recited in claim 17, when transmission rates of 
transmission media for transmitting X data packets simultaneously are the same and a 
25 maximum data size of the data packets is Dmax, the X data packets are generated by the 



method recited in claim 1 in the case where a number of data frames to be transmitted is 1 ; 
the X data packets are generated by the method recited in claim 3 or 5, in the case where 
the number of the data frames to be transmitted is 2 or more and it is possible to generate 
data packets equal to or smaller than a maximum data size in each line by the connection 
5 and division as recited in claim 3 or the aggregation as recited in claim 5; and the X data 
packets are generated by the method recited in claim 1, in the case where the number of 
the data frames to be transmitted is 2 or more and it is impossible to generate the data 
packets equal to or smaller than the maximum data size in each line by the connection and 
division as recited in claim 3 or aggregation as recited in claim 5. 

10 According to the invention recited in claim 18, when it is possible to independently 

set transmission rates of transmission media for transmitting X data packets simultaneously 
and a largest one of the transmission rates of the transmission media is a reference 
transmission rate, a maximum data size of the X data packets is set to a value obtained by 
(Dmax x a transmission rate of a corresponding line/the reference transmission rate); the X 

1 5 data packets are generated by the method recited in claim 2 in the case where a number of 
data frames to be transmitted is 1 ; the X data packets are generated by the method recited 
in claim 4 or 6, in the case where the number of the data frames to be transmitted is 2 or 
more and it is possible to generate data packets equal to or smaller than a maximum data 
size in each line by the connection and division as recited in claim 4 or the aggregation as 

20 recited in claim 6; and the X data packets are generated by the method recited in claim 2, in 
the case where the number of the data frames to be transmitted is 2 or more and it is 
impossible to generate the data packets equal to or smaller than the maximum data size in 
each line by the division and connection as recited in claim 4 or aggregation as recited in 
claim 6. 

25 According to the invention recited in claim 19, in the invention of claim 1 or 2, X 

13 



data packets that are generated after simultaneous transmission of the X data packets are 
transmitted continuously without performing carrier sense, until a time corresponding to a 
transmission time of data packets generated from one data frame before being fragmented 
passes. 

5 According to the invention recited in claim 20, in the invention of claim 1 or 2, X 

data packets that are generated after simultaneous transmission of the X data packets are 
transmitted simultaneously consecutively X times without performing carrier sense. 

According to the invention recited in claim 21, in the invention of any one of claims 
1 to 6, when one of the two STAs is an AP and the other is a mobile terminal, one or more 

10 data frames are selected from data frames addressed to a same mobile terminal in a 
transmission buffer of the AP within a range in which the one or more data frames are able 
to be accommodated in data packets to be transmitted simultaneously, the transmission 
buffer storing data frames transmitted to the mobile terminal from a device connected to 
the AP; a source address of the device connected to the AP is added to each of frame bodies 

1 5 of the one or more data frames and the frame bodies are connected; the X data packets are 
generated by adding a MAC header to each of data blocks obtained by dividing the 
connected frame bodies by a number of simultaneous transmissions, and are transmitted 
simultaneously. 

According to the invention recited in claim 22, in the invention of any one of claims 
20 1 to 6, when one of the two STAs is an AP and the other is a mobile terminal, one or more IP 
packets are selected from IP packets addressed to a same AP in a transmission buffer of the 
mobile terminal within a range in which the one or more IP packets are able to be 
accommodated in data packets to be transmitted simultaneously, the transmission buffer 
being storing IP packets to be transmitted to a device connected to the AP; a destination 
25 address of the device connected to the AP is added to each of the one or more IP packets 



and the one or more IP packets are connected; and the X data packets are generated by 
adding a MAC header to each of data blocks obtained by dividing the connected frame 
bodies by a number of simultaneous transmissions, and are transmitted simultaneously. 

According to the invention recited in claim 23, in the invention of any one of claims 
5 1 to 6, when one of the two STAs is an AP and the other is a mobile terminal, one or more 
data frames are selected and aggregated from data frames addressed to a same mobile 
terminal in a transmission buffer of the AP within a range in which the one or more data 
frames are able to be accommodated in data packets to be transmitted simultaneously, the 
transmission buffer storing data frames transmitted to the mobile terminal from a device 

1 0 connected to the AP; a source address of the device connected to the AP is added to each of 

frame bodies of the selected data frames; a MAC header is further added to each of the 
frame bodies of the selected data frames to generate the X data packets; and the X data 
packets are transmitted simultaneously. 

According to the invention recited in claim 24, in the invention of any one of claims 

15 1 to 6, when one of the two STAs is an AP and the other is a mobile terminal, one or more IP 
packets are selected and aggregated from IP packets addressed to a same AP in a 
transmission buffer of the mobile terminal within a range in which the selected IP packets 
are able to be accommodated in data packets to be transmitted simultaneously, the 
transmission buffer storing IP packets to be transmitted to a device connected to the AP; a 

20 destination address of the device connected to the AP is added to each of the selected IP 
packets; a MAC header is further added to each of the selected IP packets to generate the X 
data packets; and the X data packets are transmitted simultaneously. 

According to the invention recited in claim 25, in the invention of any one of claims 
1 to 6, when one of the two STAs transfers data frames accumulated in a transmission 

2 5 buffer to the other STA, the one STA generates data packets by the method recited in any 

15 



one of claims 28 to 33 and transmits the data packets in one lump or simultaneously, for 
data frames addressed to the other STA. 

According to the invention recited in claim 26, in the invention of any one of claims 
1 to 6, a communication device is connected to each of the two STAs. When one of the two 
STAs transfers data frames that are accumulated in a transmission buffer and are 
transmitted from a source device connected to the one STA to a destination device 
connected to the other STA, the one STA generates data packets by the method recited in 
any one of claims 28 to 33 and transmits the data packets in one lump or simultaneously, 
for data frames addressed to the other STA. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a flowchart of a procedure according to a first embodiment of the present 
invention; 

Fig. 2 is a time chart of an exemplary operation in the first embodiment of the 
present invention; 

Fig. 3 is a flowchart of a procedure according to a second embodiment of the 
present invention; 

Fig. 4 is a flowchart of a procedure according to a third embodiment of the present 
invention; 

Fig. 5 is a time chart of an exemplary operation in the third embodiment of the 
present invention; 

Fig. 6 is a flowchart of a procedure according to a fourth embodiment of the 
present invention; 

Fig. 7 is a time chart of an exemplary operation in the fourth embodiment of the 
present invention; 
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Fig. 8 is a flowchart of a procedure according to a fifth embodiment of the present 
invention; 

Fig. 9 is a flowchart of a procedure according to a sixth embodiment of the present 
invention; 

5 Fig. 10 is a time chart of an exemplary operation in the sixth embodiment of the 

present invention; 

Fig. 1 1 is a diagram showing examples of aggregation of data frames as exemplary 
operations in the sixth embodiment of the present invention; 

Fig. 12 is a flowchart of a procedure according to a seventh embodiment of the 
1 0 present invention; 

Fig. 13 is a flowchart of a procedure according to an eighth embodiment of the 

present invention; 

Fig. 14 is a flowchart of a procedure according to a ninth embodiment of the 
present invention; 

15 Fig. 15 is a flowchart of a procedure according to a tenth embodiment of the 

present invention; 

Fig. 16 is a time chart of an exemplary operation in the tenth embodiment of the 
present invention; 

Fig. 1 7 is a flowchart of a procedure according to an eleventh embodiment of the 
20 present invention; 

Fig. 18 is flowcharts of procedures according to a twelfth embodiment of the 
present invention; 

Fig. 19 is a diagram showing frame formats for an uplink and a downlink in the 
twelfth embodiment of the present invention; 
25 Fig. 20 includes flowcharts of procedures according to a thirteenth embodiment of 



the present invention; 

Fig. 21 is a diagram showing frame formats for an uplink and a downlink in the 
thirteenth embodiment of the present invention; 

Fig. 22 includes flowcharts of procedures according to a fourteenth embodiment of 
5 the present invention; 

Fig. 23 is a diagram showing frame formats for an uplink and a downlink in the 
fourteenth embodiment of the present invention; 

Fig. 24 includes flowcharts of procedures according to a fifteenth embodiment of 
the present invention; 

10 Fig. 25 is a diagram showing frame formats for an uplink and a downlink in the 

fifteenth embodiment of the present invention; 

Fig. 26 is a flowchart of a procedure according to a sixteenth embodiment of the 
present invention; 

Fig. 27 is a flowchart of a procedure according to a seventeenth embodiment of the 
1 5 present invention; 

Fig. 28 is a time chart for explaining a problem in the case where center 
frequencies of a plurality of radio channels are close to each other; 

Fig. 29 is a diagram showing an exemplary configuration of a wireless LAN system; 
Fig. 30 is a diagram showing an exemplary frame format for a downlink of the 
20 wireless LAN system; and 

Fig. 31 is a diagram showing an exemplary frame format for an uplink of the 
wireless LAN system. 



BEST MODE FOR CARRYING OUT THE INVENTION 

25 [Embodiment 1] 
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Fig. 1 is a flowchart according to a first embodiment of the present invention. Fig. 
2 shows an exemplary operation in the first embodiment of the present invention. Please 
note that a transmission-standby data frame in a transmission buffer in the following 
description is a data frame transmitted between two STAs. 
5 An idle radio channel is searched from all available radio channels by carrier sense 

(S001). The number of the detected idle channels is assumed to be N. In the case where 
one or more idle radio channels are detected, it is searched whether or not there is a 
transmission-standby data frame in a transmission buffer (S002 and S003). When there is 
no transmission-standby data frame, the procedure goes back to the carrier sense. When 

10 there is any transmission-standby data frame, the procedure goes ahead (S004). In the 
case where N = 1, one data block is generated from one data frame (S005 and S006). A 
header field containing control information such as destination information and an FCS 
(Frame Check Sequence) part containing an error checking code (hereinafter, referred to as 
"a header and the like") are added to the thus generated data block, thereby generating a 

1 5 data packet. The data packet is transmitted by using one radio channel (S007). 

A transmission rate of each radio channel may be fixed in advance, or may be set 
on a case-by-case basis by selecting one of a plurality of transmission rates determined in 
advance, for example, based on the quality of a wireless line. 

In the case where N > 2, the transmission rates of the respective radio channels are 

20 checked (S008). At this time, the number X of data packets that are to be transmitted 
simultaneously is determined (X < N). When the transmission rates of the respective radio 
channels are the same, a data part of one data frame is fragmented into X so as to generate 
X data blocks having the same packet time length (S009). When two radio channels are idle, 
for example, two data packets can be transmitted at the same time. Thus, as shown in Fig. 

25 2(1), the data part of one data frame is equally fragmented so as to generate two data 
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blocks. 

On the other hand, when the transmission rates of the respective radio channels 
are different, the data part of one data frame is fragmented into X at a size ratio 
corresponding to the transmission rates, so as to generate X data blocks having the same 
packet time length (transmission time) (S010). For example, when two radio channels (#1 
and #2) are idle and their transmission rates are 6 Mbit/s and 12 Mbit/s, respectively, the 
data part of one data frame is fragmented at a packet size ratio of 1 :2 so as to generate two 
data blocks, as shown in Fig. 2(2). 

After the X data blocks are generated in Step S009 or SO 10, X data packets are 
generated by adding a header and the like to each of the X data blocks. The thus 
generated X data packets are transmitted simultaneously by using X radio channels (SOI 1). 
The data packets transmitted simultaneously have the same packet time length, as shown in 
Fig. 2. Therefore, transmission of the X data packets terminates at the same time. Thus, 
ACK packets after that transmission can be received without being affected by leakage 
power. 

If a plurality of data packets transmitted simultaneously have different packet time 
lengths, a termination time of transmission of each data packet is different by a time 
corresponding to a difference of the packet time length. Thus, a time at which each ACK 
packet is received is different by the time corresponding to the difference of the packet time 
length. However, when the difference of the packet time length between the data packets 
is sufficiently small and the difference of the transmission termination time between the 
data packets is shorter than a time until receiving of an ACK packet starts, each ACK packet 
can be received without being affected by leakage power. In other words, it is not always 
necessary that the packet time lengths of the data packets to be transmitted simultaneously 
are strictly the same. The phrase "having the same packet time length" in the claims is 
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written considering the above. 
[Embodiment 2] 

Fig. 3 is a flowchart according to a second embodiment of the present invention. 

In the present embodiment, when the transmission rates of the idle radio channels 
5 are different in the first embodiment, a smallest one of the transmission rates is selected as 
a common transmission rate (SOI 2). In this case, it is not necessary to perform the process 
in Step SOI 0 of the first embodiment. One data frame is fragmented into X in Step S009 so 
as to generate X data blocks having the same packet time length. 
[Embodiment 3] 

1 o Fig. 4 is a flowchart according to a third embodiment of the present invention. Fig. 

5 shows an exemplary operation in the third embodiment of the present invention. It is 
assumed that radio channels #1 and #2 are provided between two STAs. A transmission 
stand-by data packet in a transmission buffer in the following description is a data packet 
to be transmitted between those two STAs. 

1 5 A feature of the present embodiment is to use MIMO in the first embodiment. An 

idle radio channel is searched from all available radio channels by carrier sense (S001). The 
number of the detected idle channels is assumed to be N. In the case where one or more 
idle radio channels are detected, a total number of MIMOs is calculated as "a number of 
simultaneous transmissions" (S002 and SI 01). For simplification, it is assumed that the 

20 MIMO numbers of the respective radio channels are the same and the number of 
simultaneous transmissions is a product (NL) of the number N of the idle channels and the 
MIMO number L 

Next, it is searched whether or not there is a transmission-standby data frame in a 
transmission buffer (S003). When there is no transmission-standby data frame, the 
25 procedure goes back to carrier sense. When there is a transmission-standby data frame, 
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the procedure goes ahead (S004). In the case where N = 1, X data packets are generated 
by fragmenting one data frame into X and are then transmitted by using one radio channel 
and MIMO (S005, S102, and S103). 

In the case where N > 2, transmission rates of the respective radio channels are 
5 checked (S008). The number X (X < NL) of data packets to be transmitted simultaneously 
is also determined. When the transmission rates of the respective radio channels are the 
same, a data part of one data frame is fragmented into X so as to generate X data blocks 
having the same packet time length (SI 04). For example, when two radio channels are idle 
and the MIMO number L of each radio channel is 2, four data packets can be transmitted at 

10 the same time. Therefore, the data part of one data frame is equally fragmented to 
generate four data blocks, as shown in Fig. 5(1). 

On the other hand, when the transmission rates of the respective radio channels 
are different, the data part of one data frame is fragmented into N at a size ratio 
corresponding to the transmission rates, thereby generating N data blocks (SI 05). Then, 

1 5 each of the N data block is fragmented into L to generate X (= NL) data blocks having the 
same packet time length (transmission time) (SI 06). For example, when two radio 
channels (#1 and #2) are idle, transmission rates thereof are 6 Mbit/s and 12 Mbit/s, 
respectively, and the MIMO number L of each channel is 2, the data part of one data frame is 
fragmented at a packet size ratio of 1 :2, and each of the resultant data blocks is equally 

20 fragmented, thereby generating four data blocks, as shown in Fig. 5(2). In the case where 
transmission rates of respective transmission media for MIMO are different, it is only 
necessary to perform fragmentation in accordance with the transmission rates in a similar 
manner. 

After the X data blocks are generated in Step SI 04 or SI 06, X data packets are 
25 generated by adding a header and the like to each of the X data blocks. The X data packets 
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are transmitted simultaneously by using ceil (X/L) radio channels and MIMO (SI 07), where 
ceil (x) represents the smallest integer equal to or larger than x (i.e., an integer obtained by 
rounding up x). The simultaneous transmission of the data packets terminates at the same 
time, because those data packets have the same packet time length, as shown in Fig. 5. 
5 Thus, ACK packets after that transmission can be received without being affected by 
leakage power. 
[Embodiment 4] 

Fig. 6 is a flowchart according to a fourth embodiment of the present invention. 
Fig. 7 shows an exemplary operation in the fourth embodiment of the present invention. In 
1 0 this example, it is assumed that radio channels #1 and #2 are provided between two radio 
channels. In the following description, a transmission stand-by data packet in a 
transmission buffer is a data packet transmitted between those two STAs. 

An idle radio channel is searched from all available radio channels by carrier sense 
(S001). The number of the detected idle channels is assumed to be N. When one or more 
1 5 idle radio channels are detected, it is then searched whether or not there is a transmission- 
standby data frame in the transmission buffer (S002 and S003). When there is no 
transmission-standby data frame, the procedure goes back to carrier sense. When there is 
a transmission-standby data frame, the procedure goes ahead (S004). 

First, the number X (X < N) of radio channels to be used for simultaneous 
20 transmission is determined, and transmission rates of those radio channels are checked 
(S008). Although it is assumed that N > 2 in the following description, a similar 
description can be applied to the case where N = 1 by setting X to 1 . When the 
transmission rates of the respective radio channels are the same, the maximum size Dmax 
that can be transmitted in one MAC packet is determined, and a total of the maximum data 
25 size Dmax • X in the case where simultaneous transmission is performed using X radio 
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channels is calculated. Then, data parts of transmission-standby data frames are 
connected so as not to exceed the above total of the maximum data size (S201). The 
connected data frames are divided into X so as to generate X data blocks having the same 
packet time length (S202). 
5 On the other hand, when the transmission rates of the respective radio channels 

are different, the maximum size in each radio channel Dmax • Ri/Rmax is determined, 
assuming that a transmission rate of each radio channel is Ri (i is an integer from 1 to X), 
the maximum transmission rate is Rmax, and the maximum size of data that can be 
transmitted in one MAC packet is Dmax. In addition, the total of the maximum data size 

10 when simultaneous transmission is performed using X radio channels is calculated. Then, 
data parts of transmission-standby data frames are connected so as not to exceed the 
above total of the maximum data size (S203). The connected data frames are divided into 
X at a size ratio corresponding to the transmission rates Ri, thereby generating X data 
blocks having the same packet time length (transmission time) (S204). After the X data 

15 blocks are generated in Step S202 or S204, X data packets are generated by adding a 
header and the like to each data block. The X data packets are transmitted simultaneously 
using X radio channels (S205). 

A process for generating two data packets from three data frames in the case 
where two radio channels have transmission rates of 12 Mbit/s and 24 Mbit/s, respectively, 

20 is now described with reference to Fig. 7. The three data frames contain a data part Fl of 
500 bytes, a data part F2 of 1500 bytes, and a data part F3 of 1000 bytes, respectively. A 
data block of 3000 bytes is generated by connecting those data parts. Then, the thus 
generated data block is divided at a packet size ratio of 1 :2, thereby generating a data block 
of 1000 bytes and a data block of 2000 bytes. A size ratio of data parts of two data 

25 packets generated from those two data blocks is 1:2, and is the same as a ratio of the 



transmission rates of the corresponding radio channels. Thus, the data packets require the 
same length of time for transmission, i.e., have the same packet time length. Therefore, 
ACK packets after the transmission of those data packets can be received without being 
affected by leakage power. 
5 [Embodiment 5] 

Fig. 8 is a flowchart according to a fifth embodiment of the present invention. 

A feature of the present invention is to use MIMO in the fourth embodiment. An 
idle radio channel is searched from all available channels by carrier sense (S001). The 
number of the detected idle channels is assumed to be N. In the case where one or more 
10 idle radio channels are detected, a total number of MIMOs of the respective radio channels 
is calculated as "a number of simultaneous transmissions" (S002 and SI 01). For 
simplification, the description is made assuming that the MIMO numbers of the respective 
radio channels are the same and the number of simultaneous transmissions is a product 
(NL) of the number N of idle channels and the MIMO number L 

1 5 Next, it is searched whether or not there is a transmission-standby data frame in a 

transmission buffer (S003). When no transmission-standby data frame is present, the 
procedure goes back to carrier sense. When there is a transmission-standby data frame, 
the procedure goes ahead (S004). 

First, the number N N of radio channels to be used for simultaneous transmission, a 
20 MIMO number L N of each radio channel, and a number of simultaneous transmissions X that 
is the number of data packets to be transmitted simultaneously (X = NnLn < NL) are 
determined. In this step, transmission rates of the respective radio channels are also 
checked (S008). Although the following description is made assuming that N N L N > 2, it can 
be also applied to the case where N N L N = 1 by setting X to 1 . When the transmission rates 

2 5 of the respective radio channels are the same, the maximum size Dmax that can be 
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transmitted in one MAC packet is determined, and a total of the maximum data size Dmax • 
X in the case where X data packets are transmitted simultaneously by using the radio 
channels and MIMO is calculated. Then, data parts of transmission stand-by data frames 
are connected so as not to exceed the above total of the maximum data size (S21 1). The 
5 connected data frames are divided into X, thereby generating X data blocks having the same 
packet time length (S2 1 2). 

On the other hand, when the transmission rates of the respective radio channels 
are different, the maximum size Dmax • Ri/Rmax for each transmission medium is 
determined, where a transmission rate of each of transmission media formed by radio 

1 0 channels and MIMO is Ri (i is an integer from 1 to X), the maximum transmission rate is 
Rmax, and the maximum size that can be transmitted in one MAC packet is Dmax. Then, 
the total of the maximum data size in the case where X data packets are transmitted 
simultaneously by using radio channels and MIMO is calculated. Data parts of the 
transmission stand-by data frames are connected so as not to exceed the total of the 

1 5 maximum data size (S213). The connected data frames are divided into N N at a size ratio 
corresponding to the transmission rates Ri, thereby generating Nn data blocks (S2 1 4). Next, 
each data block is divided into L N so as to generate X (= N N L N < NL) data blocks having the 
same packet time length (transmission time) (S215). If the transmission rates of the 
respective transmission media for MIMO are different, it is only necessary to perform 

20 division in accordance with the respective transmission rates in a similar manner. 

After the X data blocks are generated in Step S212 or S215, X data packets are 
generated by adding a header and the like to each data block. The X data packets are 
transmitted simultaneously by using ceil (X/L) radio channels and MIMO (S216). 
[Embodiment 6] 

25 Fig. 9 is a flowchart according to a sixth embodiment of the present invention. 
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Figs. 10 and 11 show exemplary operations in the sixth embodiment of the present 
invention. In the shown example, radio channels #1 , #2, and #3 are provided between two 
STAs. A transmission stand-by data packet in a transmission buffer in the following 
description is a data packet transmitted between those two STAs. It is assumed that 
5 transmission rates of the respective radio channels are set to be the same. 

An idle radio channel is searched from all available radio channels by carrier sense 
(S001). The number of the detected idle channels is assumed to be N. When one or more 
idle radio channels are detected, it is then searched whether or not there is a transmission- 
standby data frame in the transmission buffer (S002 and S003). When there is no 

10 transmission-standby data frame, the procedure goes back to carrier sense. When there is 
a transmission-standby data frame, the procedure goes ahead (S004). 

First, the number X (X < N) of data packets to be transmitted simultaneously is 
determined. Although it is assumed that N > 2 in the following description, a similar 
description can be also applied to the case where N = 1 by setting X to 1 . Then, X data 

15 blocks are generated by aggregating transmission-standby data frames in order (S301). 
Please note that the data frames are aggregated in such a manner that the data size of each 
data block does not exceed the maximum data size Dmax that can be transmitted in one 
MAC frame (e.g., 2296 bytes). Fig. 10 shows an example in which data frames 1 and 2 are 
assigned to the radio channel #1, data frames 3, 4, and 5 are assigned to the radio channel 

20 #2, and a data frame 6 is assigned to the radio channel #3. An assignment and 
management method for forming those data blocks will be described later. 

Next, the data sizes of the data blocks are compared with each other. When the 
data sizes are different, dummy data is added to each of data blocks other than a data block 
having the largest data size, thereby making the data sizes of all the data blocks the same 

2 5 (S302 and S303). In the example of Fig. 10, dummy data is added to the data blocks of the 



radio channels #1 and #3. Thus, the data sizes of the data blocks of the radio channels #1 
and #3 are made the same as that of the radio channel #2. When the data sizes of the 
respective data blocks are the same, Step S303 for adding dummy data is omitted. 

Next, X data packets are generated by adding a header and the like to each data 
5 block and are transmitted simultaneously by using X radio channels (S304). The data 
packets of the respective radio channels are transmitted at approximately the same time in 
a period from time tl to time t2, and ACK packets can be received at approximately the 
same time in a period from time t3 to time t4, as shown in Fig. 1 0. 

Fig. 11 shows a method for assigning and managing data frames. Fig. 11(1) 

10 shows a method in which data frames accumulated in the transmission buffer are assigned 
to the radio channels in order from the first one of the data frames until the total data size 
in each radio channel reaches the largest size that does not exceed the maximum data size 
Dmax, thereby generating data blocks. In the shown example, the data frames 1 and 2 are 
assigned to the radio channel #1, the data frames 3, 4, and 5 are assigned to the radio 

15 channel #2, and the data frame 6 is assigned to the radio channel #3. Please note that 
given correspondence between the radio channels and data blocks can be employed. 

Fig. 11(2) shows a method in which, starting from the first one of data frames 
accumulated in the transmission buffer, one of the data frames is assigned to one of the 
radio channels. This assignment to each of the radio channels is repeated until the total 

20 data size in each radio channel reaches the largest size that does not exceed the maximum 
data size Dmax. In this manner, data blocks are generated. In the shown example, the 
data frames 1 , 2, and 3 are assigned to the radio channels #1 , #2, and #3 in the first round, 
respectively. The data frames 4, 5, and 6 are assigned to the radio channels #1 , #2, and #3 
in the second round, respectively. As a result, the data frames 1 and 4 are assigned to the 

25 radio channel #1, the data frames 2 and 5 are assigned to the radio channel #2, and the 



data frames 3 and 6 are assigned to the radio channel #3. 

If the data size in the radio channel #2 exceeds the maximum data size Dmax 
when the data frame 5 is assigned to the radio channel #2 in the second round, for example, 
the assignment of the data frame 5 passes the radio channel #2. Instead, the data frame 5 
5 is assigned to the radio channel #3 and it is checked whether or not the data size in the 
radio channel #3 exceeds the maximum data size Dmax. This operation is repeated. In 
the case where the data frame 5 cannot be assigned to any of the wireless cannels, the 
assignment of the data frames ends with the assignment of the data frame 4. 

Fig. 1 1(3) shows a method in which, starting from the first one of the data frames 

10 accumulated in the transmission buffer, one of the data frames is assigned to one of the 
radio channels, and a next data frame is assigned to one of the radio channels which has 
the smallest total data size of assigned data frames. The assignment of the next data 
frame is repeated until the total data size in each radio channel reaches the largest size that 
does not exceed the maximum data size Dmax. In this manner, data blocks are generated. 

15 In the shown example, the data frames 1, 2, and 3 are assigned to the radio 

channels #1, #2, and #3 in the first round, respectively; the following data frame, i.e. the 
data frame 4 is assigned to the radio channel #3; the following data frame, i.e., the data 
frame 5 is assigned to the radio channel #1 ; the following data frame, i.e., the data frame 6 
is assigned to the radio channel #2; and the following data frame, i.e., the data frame 7 is 

20 assigned to the radio channel #3. As a result, the data frames 1 and 5 are assigned to the 
radio channel #1, the data frames 2 and 6 are assigned to the radio channel #2, and the 
data frames 3, 4, and 7 are assigned to the radio channel #3. 

If the data size in the radio channel #2 exceeds the maximum data size Dmax 
when the data frame 6 is assigned to the radio channel #2, for example, there is no other 

25 radio channel that can accommodate the data frame 6. Thus, the assignment of the data 

29 



frames ends with the assignment of the data frame 5 . 

The assignment and management method shown in Fig. 11(3) allows for 
assignment of up to 7 data frames and therefore has the highest transmission efficiency 
among the aforementioned three assignment and management methods. However, this 
5 depends on the data sizes of the data frames accumulated in the transmission buffer. That 
is, it cannot be determined which one of the methods is the best. Therefore, for the data 
frames accumulated in the transmission buffer, the number of data frames that can be 
assigned by each of the three assignment and management methods may be compared 
with those by other methods and one of the assignment and management methods that can 

1 0 maximize the number of assigned data frames may be employed. 

When the transmission rates of the respective radio channels are different,, the 
maximum size Dmax • Ri/Rmax in each radio channel may be determined assuming that a 
transmission rate of each radio channel is Ri, the maximum transmission rate is Rmax, and 
the maximum size that can be transmitted on each radio channel is Dmax. In accordance 

1 5 with the thus determined maximum size, the process for aggregating the data frames may 
be performed for each radio channel. 
[Embodiment 7] 

Fig. 1 2 is a flowchart according to a seventh embodiment of the present invention. 
A feature of the present embodiment is to use MIMO in the sixth embodiment. An 
20 idle radio channel is searched from all available channels by carrier sense (S001). The 
number of the detected idle channels is assumed to be N. In the case where one or more 
idle radio channels are detected, a total number of MIMOs of the respective radio channels 
is calculated as "a number of simultaneous transmissions" (S002 and SI 01). For 
simplification, the description is made assuming that the MIMO numbers of the respective 
25 radio channels are the same and the number of simultaneous transmissions is a product 



(NL) of the number N of idle channels and the MIMO number L 

Next, it is searched whether or not there is a transmission-standby data frame in a 
transmission buffer (S003). When no transmission-standby data frame is present, the 
procedure goes back to carrier sense. When there is a transmission-standby data frame, 
5 the procedure goes ahead (S004). 

First, the number X (X < NL) of data packets to be transmitted simultaneously is 
determined. Although the following description is made assuming that (N = 1 and L > 2) 
or N > 2, a similar description can be applied to the case where N = 1 and L = 1 by setting 
X to 1. Next, the transmission-standby data frames are connected in order so as to 
10 generate X data blocks (S301). This connection of the data frames is performed in such a 
manner that the data size of each data block does not exceed the maximum data size Dmax 
that can be transmitted in one MAC frame (e.g., 2296 bytes). 

Then, the data sizes of the respective data blocks are compared. When the data 
sizes are different, dummy data is added to each of data blocks other than a data block 

1 5 having the largest size, thereby making the data sizes of all the data blocks the same (S302 

and S303). When the data sizes of the data blocks are the same, Step S303 for adding 
dummy data is omitted. Then, X data packets are generated by adding a header and the 
like to each of the data blocks. The thus generated X data packets are transmitted 
simultaneously using ceil (X/L) radio channels and MIMO (S305). 
20 In the case where transmission rates of respective transmission media such as the 

radio channels or MIMO are different, the maximum size Dmax • L • Ri/Rmax for each 
transmission medium is determined assuming that a transmission rate of each transmission 
medium is Ri, the maximum transmission rate is Rmax, and the maximum size of data that 
can be transmitted by each transmission medium is Dmax. In accordance with the thus 

2 5 determined maximum size, the process for aggregating the data frames is performed for 
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each transmission medium. 
[Embodiment 8] 

Fig. 1 3 is a flowchart according to an eighth embodiment of the present invention. 
In the present embodiment, a procedure is described which selects a frame 
5 fragmentation method described in the first to third embodiments or a frame patching 
method described in the fourth and fifth embodiments in accordance with the number K of 
transmission-standby data frames. Although the following description is made for the 
case where MIMO is not used, a similar description can be applied to a case of using MIMO. 

When the number N of the idle channels is 1 or more and the number K of the data 
10 frames is 1 or more as a result of Steps S001 to S004, it is determined whether the number 
K of the data frames is 1 or 2 or more (S401). In the case where the number K of the data 
frames is 1, X data packets are generated by fragmenting one data frame based on the 
frame fragmentation method described in the first to third embodiments. The thus 
generated X data packets are then transmitted simultaneously (S402). 
1 5 In the case where the number K of the data frames is 2 or more, it is calculated 

whether or not data blocks can be generated so as not to exceed the maximum size Dmax 
by connecting and dividing a plurality of data frames (S403). If such generation of the data 
blocks is impossible, the frame patching method cannot be applied. Thus, X data packets 
are generated by dividing one data frame based on the frame division method described in 
20 the first to third embodiments. The thus generated X data packets are transmitted 
simultaneously (S404 and S402). For example, when a ratio of transmission rates of two 
radio channels is 1 :9 and there are two data frames of 1 500 bytes, one of two data frames 
of 300 bytes and 2700 bytes that are generated by the connection and division exceeds 
Dmax (2296 bytes). Therefore, those two generated data frames cannot be transmitted 
25 simultaneously. Instead, data packets (150 bytes and 1350 bytes) generated by dividing 
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each data frame into two are transmitted simultaneously. 

On the other hand, if the aforementioned generation of the data blocks is possible, 
X data packets are generated by the frame patching method described in the fourth and 
fifth embodiments and are transmitted simultaneously, when the number N of the idle 
5 channels is 2 or more (S405 and S406). When the number N of the idle channels is 1, only 
one data packet can be transmitted. Thus, data parts of transmission-standby data frames 
are aggregated so as not to exceed the maximum data size Dmax, thereby generating one 
data packet. The thus generated one data packet is transmitted by using one radio channel 
(S407). 
10 [Embodiment 9] 

Fig. 1 4 is a flowchart according to a ninth embodiment of the present invention. 
In the present embodiment, a procedure is described which selects the frame 
fragmentation method described in the first to third embodiments or a frame aggregation 
method described in the sixth and seventh embodiments in accordance with the number K 
1 5 of transmission stand-by data frames. Although the following description is made for the 
case where MIMO is not used, a similar description can be applied to a case of using MIMO. 

When the number N of the idle channels is 1 or more and the number K of the data 
frames is 1 or more as a result of Steps S001 to S004, it is determined whether the number 
K of the data frames is 1 or 2 or more (S401). In the case where the number K of the data 
20 frames is I , X data packets are generated by fragmenting one data frame based on the 
frame fragmentation method described in the first to third embodiments and are 
transmitted simultaneously (S402). 

In the case where the number K of the data frames is 2 or more, it is calculated 
whether or not data blocks can be generated by aggregating a plurality of data frames in 
25 such a manner that the size of each data block does not exceed the maximum size Dmax 



(S411). If such generation of the data blocks is not possible, the frame aggregation 
method cannot be applied. Thus, data packets are generated from X data frames, 
respectively, and are transmitted simultaneously (S412 and S413). For example, when all 
of a plurality of data packets have sizes of 1 200 bytes or more, it is not possible to connect 
5 a plurality of data packets within Dmax (2296 bytes). Therefore, data packets having the 
same packet time length are generated from those data frames and are transmitted 
simultaneously. 

On the other hand, if the aforementioned generation of the data blocks is possible, 
X data packets are generated by the frame aggregation method described in the sixth and 

10 seventh embodiments and are transmitted simultaneously, when the number N of the idle 
channels is 2 or more (S414 and S41 5). When the number N of the channels is 1 , only one 
data packet can be transmitted. Thus, data parts of transmission-standby data frames are 
aggregated so as not to exceed the maximum data size Dmax, thereby generating one data 
packet. The thus generated one data packet is transmitted by using one radio channel 

15 (S416). 

[Embodiment 10] 

In the aforementioned embodiments, as shown in Fig. 2, for example, after two 
data packets Fla and Fib generated by fragmenting one data frame F1 are transmitted 
simultaneously, when a next data packet is transmitted, carrier sense is performed. In this 

20 case, when the corresponding radio channel is used by another STA, a channel occupied 
time is shortened, although a transmission time is shortened by using simultaneous 
transmission so as to improve the throughput. That is, the effective throughput of an STA 
of interest is not always improved. The present embodiment and an eleventh embodiment 
contribute to improvement of the effective throughput of that STA. 

25 Fig. 15 is a flowchart according to the tenth embodiment of the present invention. 



« 

Fig. 1 6 shows an exemplary operation in the tenth embodiment of the present invention. It 
is assumed that two radio channels #1 and #2 are provided between two STAs. In the 
following description, transmission stand-by data packets in a transmission buffer are data 
packets transmitted between those two STAs. 
5 First, a transmission time in the case where one data frame is transmitted as one 

data packet without being fragmented is assumed to be T. T is set to 0 in default setting 
(S500). 

An idle radio channel is searched from all available radio channels by carrier sense 
(S001). The number of the detected idle channels is assumed to be N. When one or more 

10 idle radio channels are detected, it is searched whether or not there is a transmission- 
standby data frame in the transmission buffer (S002 and S003). When no transmission- 
standby data frame is present, the procedure goes back to carrier sense. When there is a 
transmission-standby data frame, the procedure goes ahead (S004). In the case where N = 
1, one data packet is generated from one data frame and is then transmitted by using one 

1 5 radio channel, as in the first embodiment. However, this case is not shown in the drawings. 

In the case where N > 2, X data packets are generated from one data frame by the 
frame fragmentation method described in the first to third embodiments, and are then 
transmitted simultaneously (S501). Moreover, a transmission time T of those data packets 
generated from the data frame is calculated and a timer is made to start (S502 and S503). 

20 Then, the procedure goes back to Step S003 and next data packets are transmitted 
simultaneously by using the currently idle channel without performing carrier sense. The 
transmission of the next data packets is continuously performed until the time T passes 
after the start of the timer (S504). Please note that continuous transmission of data 
packets can be performed in accordance with a Croup ACK procedure that is discussed in 

25 IEEE802.11TGe, for example. 
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In the example of Fig. 16, after two data packets Fla and Fib that are generated by 
fragmenting a data frame Fl are transmitted simultaneously, two data packets F2a and F2b 
that are generated by fragmenting the following data frame F2 can be continuously 
transmitted simultaneously. Therefore, the effective throughput can be improved. 
5 [Embodiment 1 1] 

Fig. 1 7 is a flowchart according to the eleventh embodiment of the present 
invention. 

The present embodiment has a feature that the number of consecutive 
transmissions that corresponds to the number of fragmentation X is employed as a period 

1 0 of consecutive transmissions. 

First, the number of consecutive transmissions is assumed to be C and C is set to 0 
in default setting. X data packets are generated from one data frame by the frame 
fragmentation method described in the first to third embodiments, and are transmitted 
simultaneously (S501). At this time, the number of consecutive transmissions C is 

15 incremented (S511). Then, the procedure goes back to Step S003 and next data packets 
are continuously transmitted simultaneously by using the currently idle channel without 
performing carrier sense. This transmission is repeated until C reaches X (S5 1 2). 
[Embodiment 1 2] 

Fig. 18 is flowcharts according to a twelfth embodiment of the present invention. 
20 Fig. 18(1) shows a procedure of an AP in a downlink, and Fig. 18(2) shows a procedure of a 
mobile terminal in an uplink. Fig. 1 9 shows exemplary frame formats for the downlink and 
the uplink in the twelfth embodiment. 

Referring to Fig. 18(1), when Ethernet frames are accumulated in a transmission 
buffer, the AP searches an idle radio channel by carrier sense (S61 1). Then, the AP acquires 
25 the number K of Ethernet frames that are the same in a destination address (an address of a 



mobile terminal) as the first Ethernet frame in the transmission buffer (S612). Then, the AP 
selects N (1 < N < K) Ethernet frames that are to be transmitted in one lump from the K 
Ethernet frames within a range in which the selected Ethernet frames can be accommodated 
in one wireless packet (S61 3). The AP also acquires a source address (SA) from a header of 
5 each of the N Ethernet frames (S614). Then, the AP adds control information to a frame 
body (IP packet) of each of the N Ethernet frames. The control information contains the 
source address SA of the corresponding Ethernet frame. The AP generates a wireless 
packet that contains a frame body obtained by aggregating the frame bodies of the N 
Ethernet frames with the control information added thereto and also contains a MAC header 

10 and FCS added to the frame body. The MAC header contains a destination address DA, 
BSSID, and a source addresses SA. The AP transmits the thus generated wireless packet 
(S615). The frame body of that wireless packet is generated so as not to exceed the 
maximum data size that can be transmitted in one MAC frame (e.g., 2296 bytes). 

Fig. 19(1) shows an example in which an AP 10 generates one wireless packet from 

15 Ethernet frames transmitted from servers 12 and 13 and transmits it in one lump. In the 
MAC header of the wireless packet, an identifier for specifying a frame format, "SI" as the 
destination address DA, "AP" as BSSID, and a given address (e.g., AP) as the source address 
SA are set. The frame body of the wireless packet accommodates the frame body (IP 
packet) of the Ethernet frame transmitted from the server 1 2 with its source address SA (S2) 

20 added thereto and the frame body (IP packet) of the Ethernet frame transmitted from the 
server 13 with its source address SA (S3) added thereto. 

Returning to Fig. 18(2), the mobile terminal searches an idle radio channel by 
carrier sense, when IP packets are accumulated in the transmission buffer (S621). Then, 
the mobile terminal acquires the number K of IP packets in the transmission buffer that are 

25 sent to the same AP (S622). The mobile terminal selects N (1 < N < K) IP packets that are 



to be transmitted in one lump from the K IP packets within a range in which the selected IP 
packets can be accommodated in one wireless packet (S623). The mobile terminal acquires 
a destination address DA from an IP header of each of the N IP packets (S624). Then, the 
mobile terminal adds control information to a frame body of each of the N IP packets. The 
5 control information contains the destination address DA of the corresponding IP packet. 
The mobile terminal then generates a wireless packet that contains a frame body obtained 
by aggregating the N frame bodies with the control information added thereto and also 
contains a MAC header and FCS added to the frame body. The MAC header contains BSSID, 
a source address SA, and a destination address DA. The mobile terminal transmits the thus 
10 generated wireless packet (S625). The frame body of that wireless packet is generated so 
as not to exceed the maximum data size that can be transmitted in one MAC frame (e.g., 
2296 bytes). 

Fig. 19(2) shows an example in which one wireless packet is generated from IP 
packets to servers 12 and 1 3 in a mobile terminal 1 1 and is transmitted in one lump. In 
1 5 the MAC header of the wireless packet, an identifier for specifying a frame format, "AP" as 
BSSID, "SI" as the source address SA, and a given address (e.g., AP) as the destination 
address DA are set. The frame body of the wireless packet accommodates the IP packet to 
the server 12 with its destination address DA (S2) added thereto and the IP packet to the 
server 1 3 with its destination address DA (S3) added thereto. 
20 [Embodiment 13] 

Fig. 20 includes flowcharts according to the thirteenth embodiment of the present 
invention. Fig. 20(1) shows a procedure of an AP in a downlink, and Fig. 20(2) shows a 
procedure of a mobile terminal in an uplink. Fig. 21 shows frame formats for the downlink 
and the uplink in the thirteenth embodiment. 
25 Referring to Fig. 20(1), when Ethernet frames are accumulated in a transmission 
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buffer, the AP searches an idle radio channel by carrier sense and acquires a number of 
simultaneous transmissions M (S631). In this description, a case is considered in which 
simultaneous transmission is performed using a plurality of radio channels. Alternatively, 
MIMO number or a number corresponding to a total number of MIMOs of a plurality of radio 
5 channels in the case where MIMO is used may be used as the number of simultaneous 
transmissions M. 

Then, the AP acquires the number K of Ethernet frames that are the same in a 
destination address (an address of a mobile terminal) as the first Ethernet frame in the 
transmission buffer (S632). Then, the AP selects M (M < K) Ethernet frames that are to be 
10 transmitted simultaneously from the K Ethernet frames (S633), and acquires a source 
address (SA) from a header of each of the M Ethernet frames (S634). Then, the AP adds 
control information to a frame body (IP packet) of each of the M Ethernet frames. The 
control information contains the source address SA of the corresponding Ethernet frame. 
The AP further adds a MAC header containing a destination address DA, BSSID, and a source 

1 5 address SA and FCS to each of the M Ethernet frames, thereby generating wireless packets. 

The AP transmits the thus generated wireless packets simultaneously (S635). 

Fig. 21(1) shows an example in which an AP 10 generates wireless packets from 
Ethernet frames respectively transmitted from servers 1 2 and 1 3 and transmits those 
wireless packets simultaneously by using two radio channels. In the MAC header of a 
20 wireless packet transmitted on a radio channel #1 , "SI" as the destination address DA, "AP" 
as BSSID, and "S2" as the source address SA are set. In the MAC header of a wireless packet 
transmitted on a radio channel #2, "SI" as the destination address DA, "AP" as BSSID, and 
"S3" as the source address SA are set. The frame bodies of the wireless packets 
accommodate the frame bodies (IP packets) of the Ethernet frames transmitted from the 

2 5 servers 1 2 and 1 3 with their source addresses SA, respectively. Please note that the source 
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address SA that is put before the frame body may be omitted. 

Returning to Fig. 20(2), when IP packets are accumulated in the transmission buffer, 
the mobile terminal searches an idle radio channel by carrier sense and acquires the number 
of simultaneous transmissions M (S641). Then, the mobile terminal acquires the number K 
5 of IP packets in the transmission buffer that are sent to the same AP (S642). The mobile 
terminal selects M (M < K) IP packets that are to be transmitted simultaneously from the K IP 
packets (S643) and acquires a destination address DA from an IP header of each of the M IP 
packets (S644). Then, the mobile terminal generates wireless packets by adding control 
information containing the destination address DA of the corresponding IP packet to a 

1 0 frame body of each of the M IP packets and further adding a MAC header and FCS. The 
MAC header contains BSSID, a source address SA, and a destination address DA. The 
mobile terminal transmits the thus generated wireless packets simultaneously (S645). 

Fig. 21(2) shows an example in which a mobile terminal 11 generates wireless 
packets from IP packets to servers 12 and 13, respectively, and transmits those wireless 

1 5 packets simultaneously by using two radio channels. In the MAC header of a wireless 
packet transmitted on a radio channel #1, "AP" as BSSID, "SI" as the source address SA, and 
M S2" as the destination address DA are set. In the MAC header of a wireless packet 
transmitted on a radio channel #2, "AP" as BSSID, "SI" as the source address SA, and "S3" as 
the destination address DA are set. The frame bodies of the wireless packets 

20 accommodate the IP packets to be transmitted to the servers 12 and 13 with their 
destination addresses DA, respectively. The destination address DA that is put before the 
frame body may be omitted. 
[Embodiment 1 4] 

Fig. 22 includes flowcharts according to a fourteenth embodiment of the present 
25 invention. Fig. 22(1) shows a procedure of an AP in a downlink, and Fig. 22(2) shows a 
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procedure of a mobile terminal in an uplink. Fig. 23 shows frame formats for the downlink 
and the uplink in the fourteenth embodiment. 

Referring to Fig. 22(1), when Ethernet frames are accumulated in a transmission 
buffer, the AP searches an idle radio channel by carrier sense and acquires a number of 
5 simultaneous transmissions M (S651). In this description, a case is considered in which 
simultaneous transmission is performed using a plurality of radio channels. Alternatively, 
MIMO number or a number corresponding to a total number of MIMOs of a plurality of radio 
channels in the case where MIMO is used may be used as the number of simultaneous 
transmissions M. 

10 Then, the AP acquires the number K of Ethernet frames that are the same in a 

destination address (an address of a mobile terminal) as the first Ethernet frame in the 
transmission buffer (S652). Then, the AP selects N (1 < N < K) Ethernet frames that are to 
be transmitted simultaneously from the K Ethernet frames within a range in which the 
selected Ethernet frames can be accommodated in M wireless packets (S653). The AP also 

1 5 acquires a source address SA from a header of each of the N Ethernet frames (S654). Then, 

the AP adds control information containing the source address SA of the corresponding 
Ethernet frame to a frame body (IP packet) of each of the N Ethernet frames, and connects 
the N frames bodies so as to generate a first block (S65 5). The AP divides the first block 
into M so as to generate M blocks (S656). The AP generates M wireless packets that 
20 accommodate the M blocks as frame bodies, respectively, by adding a MAC header that 
contains a destination address DA, BSSID, and a source address SA, and FCS to each of the 
frame bodies. The AP transmits the M wireless packets simultaneously (S65 7). The frame 
body of the wireless packet is generated so as not to exceed the maximum data size that 
can be transmitted in one MAC frame (e.g., 2296 bytes). 

2 5 Fig. 23(1) shows an example in which an AP 10 converts three Ethernet frames 



respectively transmitted from servers 1 2 to 1 4 into two wireless packets and transmits 
those wireless packets simultaneously by using two radio channels. In this example, an 
Ethernet frame transmitted from the server 12 and a part of an Ethernet frame transmitted 
from the server 1 3 are aggregated to each other, and a remaining part of the Ethernet frame 
5 from the server 13 and an Ethernet frame from the server 14 are aggregated to each other. 
In the MAC header of a wireless packet transmitted on a radio channel #1, "SI" as the 
destination address DA, "AP" as BSSID, and a given address (e.g., AP) as the source address 
SA are set. In the MAC header of a wireless packet transmitted on a radio channel #2, "SI" 
as the destination address DA, "AP" as BSSID, and a given address (e.g., AP) as the source 

10 address SA are set. In the frame bodies of the wireless packets, the frame bodies (IP 
packets) of the Ethernet frames transmitted from the servers 1 2 to 14 are accommodated 
with the source addresses SA thereof, while being fragmented, if necessary. 

Returning to Fig. 22(2), when IP packets are accumulated in the transmission buffer, 
the mobile terminal searches an idle radio channel by carrier sense and acquires the number 

1 5 of simultaneous transmissions M (S661). Then, the mobile terminal acquires the number K 
of IP packets in the transmission buffer that are sent to the same AP (S662). The mobile 
terminal selects N (1 < N < K) IP packets that are to be transmitted simultaneously from the 
K IP packets within a range in which the selected IP packets can be accommodated in M 
wireless packets (S663). The mobile terminal also acquires a destination address DA from 

20 an IP header of each of the N IP packets (S664). Then, the mobile terminal adds control 
information to each of the N IP packets. The control information contains the destination 
address DA of the corresponding IP packet. The mobile terminal then connects the N IP 
packets so as to generate a first block (S665) and thereafter generates M blocks by dividing 
the first block into M (S666). Then, the mobile terminal generates wireless packets by 

25 adding a MAC header and FCS to each of the M blocks serving as frame bodies of the 



wireless packets. The MAC header contains BSSID, a source address SA, and a destination 
address DA. The mobile terminal transmits those wireless packets simultaneously (S667). 

Fig. 23(2) shows an example in which a mobile terminal 1 1 generates wireless 
packets from IP packets to the servers 12 to 14 and transmits those wireless packets 
5 simultaneously by using two radio channels. In this example, an IP packet to the server 1 2 
and a part of an IP packet to the server 13 are aggregated to each other, and a remaining 
part of the IP packet to the server 13 and an IP packet to the server 14 are aggregated to 
each other. In the MAC header of a wireless packet transmitted on a radio channel #1 , "AP" 
as BSSID, "SI" as the source address SA, and a given address (e.g., AP) as the destination 

1 0 address DA are set. In the MAC header of a wireless packet transmitted on a radio channel 
#2, "AP" as BSSID, "SI" as the source address SA, and a given address (e.g., AP) as the 
destination address DA are set. In the frame bodies of the wireless packets, the IP packets 
to the servers 1 2 to 14 are accommodated with the destination addresses DA thereof, while 
being fragmented, if necessary. 

1 5 [Embodiment 1 5] 

Fig. 24 includes flowcharts according to a fifteenth embodiment of the present 
invention. Fig. 24(1) shows a procedure of an AP in a downlink, and Fig. 24(2) shows a 
procedure of a mobile terminal in an uplink. Fig. 25 shows frame formats for the downlink 
and the uplink in the fifteenth embodiment. 

20 Referring to Fig. 24(1), when Ethernet frames are accumulated in a transmission 

buffer, the AP searches an idle radio channel by carrier sense and acquires a number of 
simultaneous transmissions M (S671). In this description, a case is considered in which 
simultaneous transmission is performed using a plurality of radio channels. Alternatively, 
MIMO number or a number corresponding to a total number of MIMOs of a plurality of radio 

25 channels in the case where MIMO is used may be used as the number of simultaneous 
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transmissions M. 

Next, the AP acquires the number K of Ethernet frames that are the same in a 
destination address (an address of a mobile terminal) as the first Ethernet frame in the 
transmission buffer (S672). The AP then selects N (1 < N < K) Ethernet frames for 
5 generating M wireless packets, by aggregating the K Ethernet frames in order within a range 
in which the selected Ethernet frames can be accommodated in the respective wireless 
packets (S673). The AP also acquires a source address SA from a header of each of the N 
Ethernet frames (S674). Then, the AP adds control information containing the source 
address SA of the corresponding Ethernet frame to a frame body (IP packets) of each of the 

10 N Ethernet frames and aggregates the N frame bodies to one another, and generates M 
wireless packets in each of which a MAC header containing a destination address DA, BSSID, 
and a source address SA, and FCS are added. The AP then transmits the M wireless packets 
simultaneously (S675). In the case where the packet time lengths of the wireless packets 
are different, the packet time lengths of all the wireless packets are made the same by 

1 5 adding dummy data, if necessary. 

Fig. 25(1) shows an example in which an AP 10 converts three Ethernet frames 
respectively transmitted from servers 12 to 14 into two wireless packets and transmits 
those wireless packets simultaneously by using two radio channels. In this example, an 
Ethernet frame from the server 12 and an Ethernet frame from the server 13 are aggregated 

20 to each other, and an Ethernet frame from the server 14 is aggregated to dummy data. In 
the MAC header of a wireless packet transmitted on a radio channel #1, "SI" as the 
destination address DA, "AP" as BSSID, and a given address (e.g., AP) as the source address 
SA are set. In the MAC header of a wireless packet transmitted on a radio channel #2, "SI" 
as the destination address DA, "AP" as BSSID, and a given address (e.g., AP) as the source 

25 address SA are set. In the frame bodies of the wireless packets, frame bodies (IP packets) 



of the Ethernet frames respectively transmitted from the servers 12 to 14 are 
accommodated in order with the source addresses SA thereof. 

Returning to Fig. 24(2), when IP packets are accumulated in the transmission buffer, 
the mobile terminal searches an idle radio channel by carrier sense and acquires the number 
5 of simultaneous transmissions M (S681). Then, the mobile terminal acquires the number K 
of IP packets in the transmission buffer that are sent to the same AP (S682). The mobile 
terminal selects N (1 < N < K) IP packets for generating M wireless packets by aggregating 
the K IP packets in order within a range in which the selected IP packets can be 
accommodated in the respective wireless packets (S683). The mobile terminal also 

10 acquires a destination address DA from an IP header of each of the N IP packets (S684). 
Then, the mobile terminal generates wireless packets by adding control information 
containing the destination address DA of the corresponding IP packet to each of the N IP 
packets, aggregating the N IP packets, and further adding MAC headers each containing 
BSSID, a source address SA, and a destination address DA, and FCSs. The mobile terminal 

1 5 transmits those wireless packets simultaneously (S685). 

Fig. 25(2) shows an example in which a mobile terminal 1 1 generates wireless 
packets from IP packets to servers 12 to 14 and transmits those wireless packets 
simultaneously by using two radio channels. In this example, an IP packet to the server 12 
and an IP packet to the server 13 are aggregated to each other, and an IP packet to the 

20 server 14 is aggregated to dummy data. In the MAC header of a wireless packet 
transmitted on a radio channel #1, "AP" as BSSID, "SI" as the source address SA, and a given 
address (e.g., AP) as the destination address DA are set. In the MAC header of a wireless 
packet transmitted on a radio channel #2, "AP" as BSSID, "SI" as the source address SA, and 
a given address (e.g., AP) as the destination address DA are set. In the frame bodies, the IP 

25 packets to the servers 1 2 to 14 are accommodated in order with the destination addresses 
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DA thereof. 
[Embodiment 1 6] 

Fig. 26 shows an exemplary frame format according to a sixteenth embodiment of 
the present invention. In the present embodiment, a wireless packet communication 
5 method corresponding to any of the twelfth to fifteenth embodiments is applied as a 
method for transferring wireless packets between STAs in a Multi-Hop Wireless Network. 
In the following description, an example is described in which a frame aggregation method 
of the twelfth embodiment is applied. The thirteenth to fifteenth embodiments can be 
applied in a similar manner. 

10 Fig. 26 shows the case where an STA (SI) 21 and an STA (S2) 22 transmit wireless 

packets to an STA (S4) 24 via an STA (S3) 23. When transferring data frames accumulated 
in a transmission buffer to the STA 24, the STA 23 selects two data frames respectively 
transmitted from the STAs 21 and 22 to the STA 24, adds addresses (SI and S2) of the STAs 
21 and 22 as source addresses SA to frame bodies of the two data frames, respectively, 

15 aggregates the frame bodies with the corresponding source addresses SA to each other, 
generates one wireless packet by adding a MAC header, and transmits the wireless packet in 
one lump. 

The transmission in the opposite direction can be carried out in a similar manner. 
When transmitting data frames that are accumulated in the transmission buffer and are to 
20 be transmitted to the STAs 21 and 22 to the STA 23, the STA 24 adds addresses of the STAs 
21 and 22 (SI and S2) as destination addresses DA to frame bodies of the data frames, 
respectively, aggregates the frame bodies, generates one wireless packet by adding a MAC 
header, and transmits that wireless packet in one lump. 
[Embodiment 1 7] 

2 5 Fig. 27 shows an exemplary frame format according to a seventeenth embodiment 
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of the present invention. In the present embodiment, the wireless packet communication 
method corresponding to any of the twelfth to fifteenth embodiments is applied as a 
method for transferring wireless packets between STAs in a Wireless Bridge. In the 
following description, an example is described in which the frame aggregation method of 
5 the twelfth embodiment is applied. The methods of the thirteenth to fifteenth 
embodiments can be applied in a similar manner. 

Fig. 27 shows the case where, when a terminal (SI) 31 and a terminal (S3) 32 
transmit Ethernet frames to a terminal (S3) 33, an STA (API) 41 connected to the terminals 
31 and 32 and an STA (AP2) 42 connected to the terminal 33 intervene. When transferring 
1 0 Ethernet frames accumulated in a transmission buffer to the STA 42, the STA 41 selects two 
Ethernet frames respectively transmitted from the terminals 31 and 32 to the terminal 33, 
adds addresses (SI and S2) of the terminals 31 and 32 as source addresses SA to frame 
bodies of the two Ethernet frames, respectively, aggregates the frame bodies with the 
corresponding source addresses SA to each other, generates one wireless packet by adding 

1 5 a MAC header, and transmits the wireless packet in one lump. 

The transmission in the opposite direction can be carried out in a similar manner. 
When transferring Ethernet frames to the terminals 31 and 32 that are accumulated in the 
transmission buffer, to the STA 41 , the STA 42 adds addresses (SI and S2) of the terminals 
31 and 32 as destination addresses DA to frame bodies of the selected Ethernet frames, 
20 respectively, aggregates the frame bodies with the destination addresses DA to each other, 
generates one wireless packet by adding a MAC header, and transmits that wireless packet 
in one lump. 

INDUSTRIAL APPLICABILITY 

2 5 According to the present invention, it is possible to easily generate a plurality of 
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data packets having the same packet time length from transmission-standby data frames in 
a transmission buffer in accordance with the number of the transmission-standby data 
frames and the number of idle channels, while effectively using the maximum size of a data 
field that can be accommodated in a MAC packet. Thus, if a plurality of radio channels are 
5 idle at the same time, the thus generated data packets can be transmitted simultaneously 
and the maximum throughput can be largely improved. 
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